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(57) ABSTRACT

A braking system for motor vehicles. The system comprises a
brake pedal, a travel stmulator which 1s coupled via actuating-
forces transmitting first mechanical connecting means to the
brake pedal. A brake master cylinder having at least one
pressure chamber and one piston. The pressure chamber 1s
connected or connectable via a pressure line to at least one
hydraulically actuable wheel brake, and an electrically con-
trollable electromechanical drive device with which the pis-
ton of the brake master cylinder 1s actuable via a second
mechanical connecting means. The electromechanical drive
device 1s arranged between the brake pedal on one side and
the brake master cylinder and the travel simulator on the other
side. The first mechanical connecting means extends from the
brake pedal through the drive device to the travel simulator.
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1
BRAKING SYSTEM FOR MOTOR VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Germany Patent Appli-
cation Nos. 10 2010 028 399.1, filed Apr. 30, 2010, 10 2011
007 353.1, filed Apr. 14, 2011, and PCT/EP2011/056209,
filed Apr. 19, 2011.

FIELD OF THE INVENTION

The imvention relates to a braking system for motor
vehicles.

BACKGROUND OF THE INVENTION

In automotive technology “brake-by-wire” braking sys-
tems are increasingly widely used. In these braking systems

the brake can, on the one hand, be operated “extraneously”,
without active involvement of the vehicle driver, on the basis
of electronic signals. These electronic signals may be output,
for example, by an electronic stability program (ESC) or a
distance control system (ACC). On the other hand, actuation
of the braking system can be entirely or partially dispensed
with 11 a braking effect requested by the driver by means of a
brake pedal actuating force 1s implemented, for example, by
switching an electric vehicle drive to generator mode. In both
cases the actuation state of the brake does not correspond to
the braking effect requested by the vehicle driver.

A braking system which comprises a brake pedal opera-
tively connected to a travel simulator spring, and an electro-
motive drive device, 1s known from WO 2006/111392 Al. In
that braking system the drive device includes an electric
motor and a transmission and displaces a piston of a piston/
cylinder system 1n such a way that a pressure 1s established 1n
the working chamber of the cylinder, which 1s connected via
a pressure line to a wheel brake. In this case the electric motor
and the transmission of the drive device are arranged parallel
to the piston of the piston/cylinder system; that is, the drive
device 1s arranged around the piston/cylinder system. This
results 1n a short overall length of the piston/motor unit;
however, the corresponding, complex configuration of the
transmission, for example the specially configured toothed
rack of the transmission, 1s considered to be disadvantageous.

It 1s the object of the present invention to provide an alter-
native braking system of simpler construction.

This object 1s achieved according to the mvention by a
braking system as described herein.

SUMMARY OF THE INVENTION

The present invention 1s based on the concept that the
clectromechanical drive device 1s arranged between the brake
pedal and the brake master cylinder and between the brake
pedal and the travel simulator, and that the first mechanical
connecting means extends from the brake pedal through the
drive device to the travel simulator.

An advantage of the braking system according to the imnven-
tion 1s its simple design combined with compact construction.
Thus, a non-complex configuration of the second mechanical
connection between drive device and brake master cylinder 1s
made possible by arranging the drive device and the brake
master cylinder one behind the other. A further advantage 1s
that guidance of the first mechanical connecting means 1n the
drive device can be implemented 1n a simple manner.
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2

Preferably, the braking system can be activated 1n a brake-
by-wire operating mode both by the vehicle driver and inde-
pendently of the vehicle driver; the braking system 1s oper-
ated preferably in the brake-by-wire mode and can be
operated 1n a fallback mode in which only operation by the
vehicle driver 1s possible.

The braking system according to the invention includes a
travel stmulator coupled to the brake pedal by means of a first
mechanical connecting means which transmits actuating
forces. The travel simulator communicates an agreeable
brake pedal feel to the vehicle driver 1n a brake-by-wire
operating mode and advantageously includes at least one
clastic element. Especially preferably, the effect of the travel
simulator can be switched off, especially 1n a fallback mode.

Preferably, one of the mechanical connecting means 1s
configured at least partially as a hollow body and the other
mechanical connecting means extends at least partially
through this hollow body. A mechanical guidance of the other
connecting means 1s thereby achieved. In addition, the rela-
tive movement of the two connecting means can be measured
and monitored simply 1n this way. Especially preferably, the
second mechanical connecting means 1s configured to be at
least partially hollow and the first mechanical connecting
means 1s disposed at least partially inside the second
mechanical connecting means.

The travel simulator preferably includes at least one piston/
cylinder arrangement, the simulator piston of which 1s con-
nected to the first mechanical connecting means. The simu-
lator piston 1s advantageously guided displaceably in the
cylinder of the piston/cylinder arrangement and cooperates
with an elastic element which communicates an agreeable
brake pedal feel to the driver. Especially preferably, the travel
simulator includes at least one hydraulic piston/cylinder
arrangement having a hydraulic chamber.

According to an especially advantageous development of
the invention, the hydraulic chamber of the travel simulator 1s
connected or 1s connectable to at least one wheel brake, for
example by means of the brake master cylinder and/or a valve.
In this way the travel simulator can serve as a charging device
for pre-charging the wheel brakes.

The travel simulator advantageously 1includes at least one
hydraulic piston/cylinder arrangement having a hydraulic
chamber, the hydraulic chamber being connected via an elec-
trically controllable, for example open when currentless (nor-
mally open) valve to a pressure medium container. The travel
simulator can be switched off and on by closing and opening
the valve.

The travel simulator preferably includes a further piston
and a spring 1n addition to the simulator piston, the simulator
piston having a smaller effective piston area than the further
piston, being guided displaceably in the further piston and
bearing against the further piston by means of the spring. A
“springer” function (i.e. the system springs back to a pre-
defined brake pressure value when the brake pedal 1s actu-
ated) 1s thereby achieved.

In order to prevent reactions on the brake pedal 1n the event
ol antilock control an electrically controllable, open when
currentless (normally open) isolating valve 1s preferably
arranged between the hydraulic chamber of the travel simu-
lator and the wheel brake.

According to another advantageous development of the
invention, the hydraulic chamber of the travel simulator 1s
connected via a nonreturn valve to the brake master cylinder
and therefore to a wheel brake.

According to a development of the braking system accord-
ing to the mnvention, the travel simulator and the brake master
cylinder are arranged substantially parallel and side-by-side,
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and at least the first or the second mechanical connecting
means includes a force deflecting means. A short overall
length 1s thereby achieved.

According to a preferred embodiment of the braking sys-
tem, the piston/cylinder arrangement of the travel simulator 1s
arranged coaxially with the first mechanmical connecting
means and especially preferably coaxially with the drive
device, and the second mechanical connecting means
includes a force deflecting means.

According to another preferred embodiment, the brake
master cylinder 1s arranged coaxially with the second
mechanical connecting means and especially preferably
coaxially with the drive device, and the first mechanical con-
necting means includes a force deflecting means.

The travel simulator preferably includes two piston/cylin-
der arrangements the simulator pistons of which are actuable
jointly by the first mechanical connecting means. Advanta-
geously, the two piston/cylinder arrangements are arranged
symmetrically and in each case parallel to the brake master
cylinder.

The electromechanical drive device preferably includes an
electric motor and a transmission device, the transmission
device being operatively connected to the second mechanical

connecting means. Especially preferably, the transmission
device 1s 1n the form of a ball screw drive.

According to a development of the braking system accord-
ing to the imvention, the first and second mechanical connect-
ing means are configured 1n such a way that actuation of the
brake master cylinder in the brake actuation direction by
means of the first mechanical connecting means 1s possible
through mechanical contact between the first mechanical
connecting means and the brake master cylinder, or through
mechanical contact between the first mechanical connecting,
means and the second mechanical connecting means. A brake
actuation by the vehicle driver i1s thereby possible in the
tallback mode, for example 11 the energy supply of the drive
device has failed. In the brake-by-wire operating mode the
mechanical contact between first mechanical connecting
means and brake master cylinder or second mechanical con-
necting means should advantageously be prevented in order
to prevent a reaction on the brake pedal. In the unactuated
state of the braking system, therefore, a predefined mechani-
cal gap advantageously exists between first mechanical con-
necting means and brake master cylinder or second mechani-
cal connecting means. The first mechanical connecting means
comes into mechanical connection with the brake master
cylinder or with the second mechanical connecting means
only after this predefined distance (gap) has been closed.

The braking system according to the invention preferably
includes at least one sensor device by means of which the
relative position of the first to the second mechanical connect-
ing means 1s determined. An unintended mechanical contact
between first mechanical connecting means and brake master
cylinder or second mechanical connecting means can thereby
be detected and, 1f appropriate, measures for preventing the
contact can be 1nitiated.

In order to prevent mechanical contact between the first
mechanical connecting means and the brake master cylinder
or between the first mechanical connecting means and the
second mechanical connecting means, for example in the
event of brake pressure reduction during an antilock control
operation, the pressure chamber of the brake master cylinder
1s advantageously connectable via an electrically controllable
valve to a pressure medium container, so that discharging of
brake fluid from the brake master cylinder into the pressure
medium container 1s possible 1n predefined situations.
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The piston of the brake master cylinder 1s preferably actu-
able by means of the first mechanical connecting means even
when the drive device 1s blocked. For this purpose the second
mechanical connecting means especially preferably has a
two-part configuration. Alternatively, it 1s especially pre-
terred that the coupling between the piston of the brake mas-
ter cylinder and the second mechanical connecting means 1s
releasable.

The first mechanical connecting means and the second
mechanical connecting means are advantageously configured
and arranged 1n such a way that the second mechanical con-
necting means can be displaced by the drive device relative to
the first mechanical connecting means over a predetermined
distance in the brake actuation direction, without causing
engagement of or reaction on the brake pedal. For this pur-
pose an opening 1s provided, for example in the mechanical
connecting means configured as a hollow body.

In order to modulate the brake pressure, preferably electri-
cally controllable, open when currentless (normally open)
valves are arranged in the brake lines to the wheel brakes.
Brake pressure modulation 1s carried out with the aid of the
drive device 1n multiplex operation.

For accelerated brake pressure reduction 1n a wheel brake,
a wheel brake or a wheel brake circuit 1s especially preferably
connectable to a pressure medium container via an electri-
cally controllable, closed when currentless (normally closed)
valve.

BRIEF DESCRIPTION OF THE DRAWINGS

Further preferred embodiments of the invention are appar-
ent from the dependent claims and from the following
description with reference to schematic figures, 1n which:

FIG. 1 shows a first exemplary embodiment of a braking
system according to the invention,

FIG. 2 shows a second exemplary embodiment of a braking,
system according to the mvention,

FIG. 3 shows a third exemplary embodiment of a braking
system according to the invention,

FIG. 4 shows a fourth exemplary embodiment of a braking
system according to the invention,

FIG. 5 shows a {ifth exemplary embodiment of a braking
system according to the invention,

FIG. 6 shows a sixth exemplary embodiment of a braking
system according to the invention,

FIG. 7 shows a seventh exemplary embodiment of a brak-
ing system according to the mvention,

FIG. 8 shows a detail of an eighth exemplary embodiment
of a braking system according to the mvention,

FIG. 9 shows a minth exemplary embodiment of a braking,
system according to the invention, and

FIG. 10 shows a tenth exemplary embodiment of a braking,
system according to the invention.

Mutually corresponding components are denoted by the
same reference symbols 1n all figures.

DETAILED DESCRIPTION OF THE INVENTION

In FIG. 1 afirst exemplary embodiment of a braking system
according to the mvention 1s represented schematically. The
braking system includes a brake pedal 1 which 1s coupled to
a pedal feel simulator (travel simulator) 2 via a first mechani-
cal connecting means 8 which transmits actuating forces. In
the example, the first mechanical connection 8 1s 1n the form
of a push rod which connects the brake pedal 1 to the travel
simulator 2. The pedal feel simulator 2 includes at least one
clastic element, 1n the example a spring 30, and 1s designed to
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provide an agreeable brake pedal feel to the driver. The brak-
ing system further includes a brake master cylinder 3 in which
at least one pressure piston 4 1s guided displaceably, the
piston 4 delimiting with the brake master cylinder 3 a pressure
chamber 5 for generating a hydraulic brake pressure. The
pressure chamber 5 of the brake master cylinder 3 1s con-
nected to hydraulically actuable wheel brakes 10 by means of
brake line 7. The braking system further includes an electri-
cally controllable drive device 6 for generating an external
force for actuating the wheel brakes 10. For this purpose the
pressure piston 4 1s actuable by the electromechanical exter-
nal force actuator 6 via a second mechanical connecting
means 9. The actuator 6 can exert on the pressure piston 4 via
the second mechanical connection 9 a force for actuating the
brake master cylinder 3. The actuator 6 can be activated in
accordance with a brake pedal actuation.

The drive device 6 1s arranged between the brake pedal 1
and the brake master cylinder 3 and between the brake pedal
1 and the travel simulator 2. Accordingly, brake pedal 1 on
one side and travel simulator 2 and brake master cylinder 3 on
the other side are arranged on opposite sides of the actuator 6.
The first mechanical connection 8 accordingly passes through
the actuator 6.

In the example, the travel simulator 2 includes a piston/
cylinder arrangement the simulator piston 31 of which 1s
guided displaceably 1n the cylinder 33. Simulator piston 31
and cylinder 33 delimit a chamber 32 in which a spring 30, via
which the simulator piston 31 bears against the cylinder 33, 1s
arranged. The simulator piston 31 1s rigidly connected to the
first mechanical connecting means 8.

Travel stmulator 2 and brake master cylinder 3 are arranged
at a distance from one another, substantially axially parallel
and side-by-side. In the present example the pedal feel simu-
lator 2 1s arranged coaxially with the first mechanical connec-
tion 8 which 1s configured to be straight (for example as a push
rod) (axial alignment of first mechanical connecting means 8
and travel simulator 2). The second mechanical connecting
means 9 includes a force deflecting means in order to be able
to transmit the force exerted by the drive device 6 to the brake
master cylinder 3, which 1s ofiset radially with respect to the
travel stmulator 2.

The second mechanical connecting means 9 1s 1mple-
mented as a hollow body, for example as a cylindrical sleeve,
in a region 1n and near the actuator 6, and the first mechanical
connecting means 8 1s arranged partially inside the hollow
body. The second mechanical connection 9 has, for example
in the region of the force deflecting means, an opening region
in the direction of the travel simulator 2, 1n which the first
mechanical connection 8 emerges from the interior of the
hollow body. In FIG. 2 a second exemplary embodiment of a
braking system according to the invention 1s represented
schematically. Like the first exemplary embodiment, the
braking system includes a brake pedal 1 which 1s coupled via
a first mechanical connection 8 to a travel simulator 2, a brake
master cylinder 3 with piston 4 and pressure chamber 5 to
which the wheel brakes 10 are connected, and an electrically
controllable drive device (actuator) 6 which 1s couplable or
coupled via a second mechanical connection 9 to the pressure
piston 4. Brake pedal 1 on one side and travel simulator 2 and
brake master cylinder 3 on the other side are arranged on
opposite sides of the actuator 6, travel stmulator 2 and brake
master cylinder 3 being arranged side-by-side. The first
mechanical connection 8 extends through the actuator 6.

According to the second exemplary embodiment, the sec-
ond mechanical connecting means 9 1s configured substan-
tially as a cylindrical hollow body and the brake master cyl-
inder 3 1s arranged coaxially with the second mechanical
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6

connecting means 9 (axial alignment of second mechanical
connecting means 9 and brake master cylinder 3). The first
mechanical connection 8 includes a force deflecting means in
order to be able to transmit the brake pedal actuation to the
travel simulator 2, which 1s offset radially with respect to the
brake master cylinder 3.

The first mechanical connection 8 1s disposed at least par-
tially 1nside the hollow body of the second connecting means
9. The connecting means 9 has an opening region perpendicu-
lar to the direction of the brake master cylinder axis/second
mechanical connection, in which opening region the first
mechanical connection 8 emerges ifrom the interior of the
hollow body.

In both the first and the second exemplary embodiments,
the first 8 and the second 9 mechanical connections are con-
figured 1n such a way that, upon a displacement of the first
mechanical connection 8 relative to the second mechanical
connection 9 (1n the direction of a brake actuation), which
displacement reaches a predefined amount (distance d 1s cov-
ered), the first mechanical connection 8 comes into mechani-
cal engagement with the second mechanical connection 9 or
with the piston 4, so that the force exerted by a brake actuation
on the first mechanical connection 8 is transmitted to the
brake master cylinder 3. It 1s thereby possible, for example 1
an actuation of the brake master cylinder 3 via the external
force actuator 6 1s not possible because of failure of the energy
supply of the external force actuator 6, for a brake pedal
actuation to pass through to engage the brake master cylinder
3 1n one operating mode of the braking system (a so-called
mechanical fallback or failsafe operating mode).

For this purpose, in the example according to the first
exemplary embodiment (FIG. 1), a projecting portion 11
which can come 1nto engagement with a stop 12 arranged on
the second mechanical connecting means 9 1s arranged on the
first mechanical connecting means 8, so that the actuating
force 1s transmitted from the first mechanical connection 8 to
the second mechanical connection 9 and therefore to the
brake master cylinder 3.

According to the second exemplary embodiment repre-
sented 1n FI1G. 2, the first mechanical connection 8 can come
into contact with the pressure piston 4 1n the region of the
force deflecting means (upon reaching the end of the opening
in the second mechanical connection 9); that 1s, the piston 4
forms a stop 12 for the connection 8. Accordingly, in the
mechanical fallback operating mode the actuating force can
be transmitted from the first mechanical connection 8 directly
to the brake master cylinder 3.

According to the first and second exemplary embodiments,
the second mechanical connection 9 1s connected rigidly to
the actuator 6 1n the region thereof; that is to say that in the
event of blocking of the actuator 6 the second mechanical
connection 9 1s prevented from moving by the actuator 6.

In order that the force acting on the brake pedal 1 1n the
fallback mode can be transmitted via the first mechanical
connection 8 to the brake master cylinder 3 1n the event of a
blocked actuator 6, according to the first exemplary embodi-
ment (FIG. 1) the second mechanical connection 9 1s formed
in two parts. The first part of the second mechanical connec-
tion 9, which 1s connected rigidly to the actuator 6, 1s pre-
vented from moving by the actuator 6, whereas the second
part of the second mechanical connection 9, which 1s con-
nected rigidly to the piston 4, can be moved 1n the direction of
the brake master cylinder 3 by means of the projecting portion
11 of the first mechanical connection 8. In this example, the
first mechanical connection 9 1s divided into two 1n the region
of the stop 12. The stop 12 1s arranged on the second part of
the second mechanical connection 9.
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In order to make possible transmission of the brake pedal
force via the first mechanical connection 8 to the brake master
cylinder 3 1n the fallback operating mode with the actuator 6
blocked, according to the second exemplary embodiment
represented 1n FIG. 2 the second mechanical connection 9 1s
formed 1n one piece and 1s connected rigidly to the actuator 6,
but 1s not connected rigidly to the piston 4.

Accordingly, the piston 4 can be actuated by the first
mechanical connection 8 in the brake actuation direction, the
piston 4 moving away irom the connection 9.

According to the exemplary embodiments (e.g. FIGS. 1
and 2), the pressure chamber 5 of the brake master cylinder 3
1s connectable to a pressure medium container 14 via an
clectrically controllable, for example closed when currentless
(normally closed), outlet valve 15. The pressure medium
container (reservoir) 14 has a low pressure level and 1s con-
figured, for example, as a low pressure accumulator or a
pressure medium reservolr (atmospheric pressure). The
operation of the outlet valve 15 1s explained further below.

The functioning of the braking system according to the
invention 1s explained 1n more detail below with reference to
the exemplary embodiments shown 1 FIGS. 1 and 2. In a
braking operation in the brake-by-wire operating mode,
actuation of the brake pedal 1 causes a movement of the first
mechanical connection 8 and a displacement of the simulator
piston 31 of the travel simulator 2. The brake pedal actuation
1s detected by a sensor (not shown). The electromechanical
actuator 6 1s activated according to the brake pedal actuation
detected and thus actuates the pressure piston 4 via the second
mechanical connection 9 in accordance with the brake pedal
actuation, leading to a brake pressure build-up 1n the wheel
brakes 10. If the driver releases the brake pedal 1, the first
mechanical connection 8 and the piston 31 of the pedal feel
simulator 2 move against the brake actuation direction. The
actuator 6 1s activated correspondingly, so that the pressure
piston 4 can yield (against the brake actuation direction) and
the brake pressure in the wheel brakes 10 1s reduced 1n accor-
dance with the brake pedal actuation. In the case of a similar
displacement of the first 8 and second 9 mechanical connec-
tions, contact with the stop 12 therefore does not take place.

Even 11 the brake pedal 1 1s not actuated, the master cylin-
der 3 can be actuated by the actuator 6 via the second
mechanical connection 9. This 1s necessary, for example, 1n
the case of an active braking intervention by a stability control
function or a distance control function. In order to prevent a
reaction on the brake pedal 1 inthis case, the first 8 and second
9 mechanical connections are configured, for example with
respect to lengths and relative arrangement of force detlecting,
means, opening region, etc., in such a way that a displacement
of the second mechanical connection 9 (in the brake actuation
direction) relative to the first mechanical connection 8 over a
predetermined distance 13 is possible without producing a
force-transmitting connection (an abutment) and therefore a
reaction on the brake pedal 1.

According to the first exemplary embodiment represented
in FI1G. 1, the second mechanical connection 9 can be moved
in the brake actuation direction over the distance 13 before the
second mechanical connection 9 comes 1nto contact 1n the
opening region with the simulator piston 31 of the travel
simulator 2 and, upon further movement, causes engagement
of the simulator piston 31 which leads to a reaction on the
brake pedal 1.

According to the second exemplary embodiment repre-
sented 1n FIG. 2, the second mechanical connection 9 can be
moved 1n the brake actuation direction over the distance 13
betore the second mechanical connection 9 comes into con-
tact, via the end of the opening region facing towards the
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brake pedal 1, with the first mechanical connection 8. Upon
further movement of the second mechanical connection 9,
engagement of the first mechanical connection 8 1n the brake
actuation direction 1s produced, leading to engagement of the
brake pedal 1.

I1 the brake pressure 1n the wheel brakes 10 1s to be reduced
below the brake pressure level corresponding to the brake
pedal actuation by the driver, for example 1n an antilock
operation, the second mechanical connection 9 1s moved
against the brake actuation direction by the actuator 6. If the
brake pedal actuation by the driver, and therefore the position
of the first mechanical connection 8, remains unchanged,
contact with the stop 12 can occur; that 1s, a force would be
exerted on the first mechanical connection 8. Such a reaction
would be perceptible by the driver on the brake pedal 1 and
would be experienced as disturbing. To prevent this, an
approach of the stop 12 to the first mechanical connection 8,
11 1s detected and monitored by means of a sensor device 34,
which detects the position of a component of the travel simu-
lator 2 (for example the piston 31) or the position of the first
mechanical connection 8, and by means of a sensor device 35
which detects the position of a component of the actuator 6
and therefore of the second mechanical connection 9, or the
position of the piston 4 of the brake master cylinder 3. If the
distance between stop 12 and first mechanical connection 8,
11 falls below a threshold value, the closed when currentless
(normally closed) valve 15 1s opened and the pressure cham-
ber 5 of the brake master cylinder 3 i1s connected to the
pressure medium container 14, whereby a reduction of the
system pressure, and therefore of the pressure 1n the wheel
brakes 10, if applicable, 1s achieved. Further moving back of
the second mechanical connection 9 against the brake actua-
tion direction by the actuator 6 is then no longer necessary.

The braking system according to the invention 1s advanta-
geously used 1n motor vehicles which can be braked by means
of generator operation of an electric drive motor (also referred
to as regenerative braking or recuperative braking). In a
regenerative braking operation the friction brakes 10 should
in general not be actuated, or 1n some cases should be actuated
only as assistance, 1n order to achieve a highest possible
regenerative energy vield. Accordingly, in a regenerative
braking operation a brake pedal actuation by the driver (that
1s, a displacement of the first mechanical connection 8, 11 1n
the brake actuation direction) must not cause a (significant)
pressure build-up in the wheel brakes 10. In the braking
systems 1n the examples, therefore, the closed when current-
less (normally closed) valve 15 may be opened and the pres-
sure chamber 5 of the brake master cylinder 3 may be con-
nected to the pressure medium contamner 14 during a
regenerative braking operation, so that pressure medium can
be discharged into the pressure medium container 14 in the
event of actuation of the brake master cylinder 3 by the first
mechanical connecting means (via stop 12). Additionally, the
actuator 6 may be activated 1n order to actuate the brake
master cylinder 3 via the second mechanical connecting
means 9. In this way, engagement of the first mechanical
connecting means 8, 11 with the stop 12 1s prevented vyet
brake pressure 1s not built up at the wheel brakes 10. A critical
approach of the first mechanical connection 8, 11 to the stop
12 can be detected, as explained above, by means of the
sensor devices 34, 35.

The travel simulator 2 1s advantageously designed to be
able to be switched off. For example, the travel simulator 2
and the switch-oif thereot are designed 1n such a way that, 1n
the event of failure of the braking system, for example 11 the
power fails, none or only a little of the lost force remains
elfective.
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In FIG. 3 a third exemplary embodiment of a braking
system according to the invention 1s represented schemati-
cally. As 1 the second exemplary embodiment, the second
mechanical connecting means 9 1s configured substantially as
a cylindrical hollow body and the brake master cylinder 3 1s
arranged coaxially with the second mechanical connecting
means 9. The first mechanical connection 8 includes a force
deflecting means 1n order to be able to transmit the brake
pedal actuation to the travel simulator 2 which 1s offset radi-
ally with respect to the brake master cylinder 3; and said first
mechanical connection 8 1s disposed at least partially inside
the hollow body of the second connecting means 9 and
extends through the actuator 6. Unlike the second exemplary
embodiment, the travel simulator 2 according to the third
exemplary embodiment 1s hydraulic. The travel simulator 2
comprises a piston/cylinder arrangement the simulator piston
31 of which 1s guided displaceably in the cylinder 33 and
which includes a hydraulic chamber 32'. The simulator piston
31 1s actuable by the first mechanical connecting means 8 and
1s rigidly connected thereto. Optionally, the travel simulator 2
includes a further simulator arrangement 36 which 1s con-
nected hydraulically to the hydraulic chamber 32' of the pis-
ton/cylinder arrangement 31, 33.

The hydraulic chamber 32' of the travel simulator 2 1s
connectable via an electrically controllable, for example open
when currentless (normally open) valve 16 to a pressure
medium container 14, in order to enable the simulator 2 to be
switched off (for example 1n the fallback operating mode). In
the example, the pressure medium container 14 1s 1n the form
of a low pressure accumulator, but it may also be 1n the form
of a pressure medium reservoir. In order to reduce the hydrau-
lic components of the braking system, the hydraulic chamber
32' of the travel simulator 2 and the pressure chamber 5 of the
brake master cylinder 3 are advantageously connectable to
the same pressure medium container 14, as 1s apparent from
FIG. 3. However, two pressure medium containers may also
be used.

In the normal operating mode of the braking system (brake-
by-wire operating mode), the valve 16 1s closed (1s energized
in the example) and the hydraulic chamber 32' of the simula-
tor 2 1s 1solated from the pressure medium container 14.

The brake master cylinder 3 of the braking system 1s pret-
erably designed 1n such a way that a vehicle deceleration of at
least 0.5 g (g: acceleration due to gravity) can be achieved
with a pedal actuating force of 500 N.

In order to achieve a deceleration of the vehicle which 1s
perceptible to the driver with short pedal travel distances, for
example 1n the above-described design of the braking system,
the braking system advantageously includes a charging
device with which pre-charging of the wheel brakes 10 can be
carried out. The charging device comprises, for example, a
cylinder/piston arrangement with a hydraulic chamber the
piston of which 1s actuable by the first mechanical connection
8. The hydraulic chamber of the charging device 1s connected
to the wheel brakes 10 or to the pressure chamber 5 of the
brake master cylinder 3. By means of the charging device the
wheel brakes 10 can be charged up to a predefined pressure.
The predefined pressure can be set/predefined, for example,
by a pressure limiting valve or by the pretension of a low
pressure accumulator spring. Upon actuation of the brake
pedal 1, the piston of the charging device 1s actuated by the
first mechanical connection 8 so that the wheel brakes 10 are
charged from the charging device until a pressure value pre-
defined by the pressure limiting valve or by the pretension of
the spring of the low pressure accumulator 1s reached.

According to the third exemplary embodiment of FIG. 3,
the travel simulator 2 or its cylinder/piston arrangement 31,
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32", 33 1s used as the charging device. For this purpose the
hydraulic chamber 32' of the travel simulator 2 1s connected
via a nonreturn valve 17 to the brake master cylinder 3 and
therefore to the wheel brakes 10. The pretension of the spring
of the low pressure accumulator 14 limits the charging pres-
SUre

In FIG. 4 a fourth exemplary embodiment of a braking
system according to the invention, in which the brake master
cylinder 1s 1n the form of a tandem master cylinder 3 (of axial
configuration), 1s represented schematically. The primary pis-
ton 4 of the tandem master cylinder 3 1s actuable by the
clectromechanical external force actuator 6 via the second
mechanical connecting means 9. In the example, the primary
piston circuit I and the floating piston circuit II are connected
to two wheel brakes 10 1n each case. In order to modulate the
brake pressure, one electrically controllable, for example
open when currentless (normally open) valve 18 for each
wheel brake 10 1s arranged in the brake lines 7 to the wheel
brakes 10. Brake pressure modulation can be performed with
the aid of the (reversing) actuator 6 1n multiplex operation.
The other components of the braking system and their
arrangement correspond substantially to those of the third
exemplary embodiment.

In FIG. 5 a fifth exemplary embodiment of a braking sys-
tem according to the invention having a tandem master cyl-
inder 3a, 35 of divided configuration is represented schemati-
cally. The travel simulator 2 1s arranged coaxially with the
first mechanical connecting means 8. The tandem master
cylinder 3 comprises two cylinder/piston arrangements, the
cylinder/piston arrangement 3a of the primary piston circuit
being configured parallel to the cylinder/piston arrangement
35 of the floating piston circuit. The pressure piston 4 of the
cylinder/piston arrangement 3a 1s coupled mechanically to
the drive device 6 (via the mechanical connecting means 9)
and the piston 40 of the cylinder/piston arrangement 35 1s
coupled hydraulically to the piston 4 via a line 41. Both
cylinder/piston arrangements 3a, 3b are arranged parallel to
the travel simulator 2, the cylinder/piston arrangements 3a,
36 being arranged on opposite sides of the travel simulator 2.
The second mechanical connection 9 1s advantageously con-
figured 1n such a way that the piston 40 of the floating piston
circuit can also be actuated mechanically by means of the
second mechanical connecting means 9 (for example 1n the
event of failure of the primary piston circuit).

In the example, the piston 40 of the floating piston circuit 1s
actuated only after a predefined displacement of the second
mechanical connection 9 in the brake actuation direction. For
this purpose a mechanical gap 1s present between the second
mechanical connection 9 and the pressure piston 40 of the
floating piston circuit, which gap must first be closed before
the second mechanical connection 9 comes 1nto engagement
with a prolongation 42 connected to the pressure piston 40.

The other components of the braking system according to
the fifth exemplary embodiment, as well as their arrangement
and operation, have already been explained in connection
with FIGS. 1 to 4.

FIG. 6 shows a sixth exemplary embodiment of a braking
system according to the invention. Here, too, the brake master
cylinder 3 1s in the form of a tandem master cylinder of
divided configuration. Unlike the fifth exemplary embodi-
ment, the primary piston circuit and the floating piston circuit
are Tormed by two respective cylinder/piston arrangements
3a, 3b, the piston area of a piston being in each case half as
large as the piston area of the corresponding pressure piston
for each circuit of the fifth exemplary embodiment. The pres-
sure chambers of the two cylinder/piston arrangements of a




US 9,174,617 B2

11

circuit are connected to one another via a hydraulic line (e.g.
line 43 for cylinder/piston arrangements 3a).

The two cylinder/piston arrangements 3a, 3b of a respec-
tive circuit I, II are 1n each case arranged parallel to the travel
simulator 2, on opposite sides of the travel simulator 2 and
symmetrically to the axis of the first mechanical connecting
means 8. This division into two cylinder/piston arrangements
(per circuit) and theirr symmetrical arrangement permits
moment-free force transmission by the actuator 6. In the
example, the two piston arrangements 356 of the floating pis-
ton circuit are rotated through 90° with respect to the two
piston arrangements 3a of the primary piston circuit. For this
reason, only the primary piston circuit (piston arrangements
3a) 1s shown 1n FIG. 6; the piston arrangements 35 are
arranged rotated through 90° and are not shown for greater
clanty.

In FIG. 7 a seventh exemplary embodiment of a braking
system according to the mvention having a tandem master
cylinder 3 arranged coaxially with the second mechanical
connection 9 1s represented schematically. The travel simu-
lator 2 comprises two piston/cylinder arrangements 2a, 25,
the simulator pistons 31a, 315 of which are actuable jointly
by the first mechanical connecting means 8, which accord-
ingly includes two force detlecting means. The two piston/
cylinder arrangements 2a, 2b are arranged symmetrically on
opposite sides of the brake master cylinder 3. Moment-iree
actuation by the brake pedal 1 via the first mechanical con-
nection 8 1s thereby possible. The braking system according
to the seventh exemplary embodiment also includes, per
wheel brake 10, a for example open when currentless valve 18
which serves, with the aid of the actuator 6, to provide brake
pressure modulation in multiplex operation.

FI1G. 8a show schematically a detail of an eighth exemplary
embodiment of a braking system according to the ivention.
The pressure chamber 5 of the brake master cylinder 3 is
connected via brake line 7 to hydraulically actuable wheel
brakes 10. The pedal feel simulator 2 1s implemented hydrau-
lically and includes a cylinder/piston arrangement with a
hydraulic chamber 32' which 1s connectable to the wheel
brakes 10. In the example, an electrically controllable, for
example open when currentless (normally open), 1solating
valve 19 1s arranged between the wheel brakes 10 (or their
inlet valves 18) and the hydraulic chamber 32'. By closing the
1solating valve 19, pressure-change reactions of the wheel
brakes 10 on the simulator 2/brake pedal 1 during brake
pressure modulation, for example during an ABS or stability
control operation (effected by movement of the actuator 6),
can be prevented. If required, the brake pedal can be reset by
means of the external force actuator 6 (via pressure build-up
in the brake master cylinder 3) by opening the 1solating valve
19 or with the 1solating valve 19 open.

As 1s apparent from FIG. 8a), the pedal feel simulator 2 1s
additionally configured, in the example, in such a way that
pressure reaction (€.g. from the wheel brakes 10) 1s reduced in
a relatively low pressure range. For this purpose the pedal feel
simulator 2 includes two different effective areas A1, A2 and
optionally a spring 20. The hydraulic chamber 32'1s delimited
by a first piston 21 of effective area A1 and by a second piston
31, of smaller effective areca A2, which passes through the first
piston 21, the piston 31 being actuated by the first mechanical
connecting means 8 and bearing against the piston 21 via the
spring 20 1n the brake actuation direction.

The operation of the pedal feel simulator 2 1s explained
below with reference to FIG. 8.

During an actuation of the brake pedal 1 (with pedal force
F), the smaller piston area Al of the second piston 31 1is
initially effective over short pedal travel distances s, produc-
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ing a shallow force-travel characteristic curve, as shown 1n
region A 1 FIG. 85. When the spring 20 reaches the first
piston 21 the spring 20 1s mitially compressed, producing a
more steeply rising force-travel characteristic curve (region B
in F1G. 8b) until the piston 21 with its effective surface A2 1s
displaced, producing a still steeper rise in the force-travel
characteristic curve (region C 1n FI1G. 85b).

The eftective areas A1, A2 of the travel simulator 2 can be
subjected to the pressure of the wheel brakes 10 and, through
the construction of the simulator 2 (two pistonareas A1, A2 of
different s1ze becoming active with an offset, slow transition
as a result of the spring 20), the pressure reaction 1s reduced 1n
a relatively low pressure range (so-called “Springer” function
explained earlier).

In FIG. 9 a ninth exemplary embodiment of a braking
system according to the invention 1s represented schemati-
cally. The travel stmulator 2 has a two-stage configuration, the
first stage being implemented 1n a manner corresponding to
the eighth exemplary embodiment. The travel simulator 2
comprises a piston/cylinder arrangement having two hydrau-
lic chambers 32' and 26 which are arranged one behind the
other and are separated by a floating piston. The piston 31 i1s
actuated by means of the first mechanical connecting means
8. Each of the hydraulic chambers 32', 26 of the travel simu-
lator 2 1s connected to a brake circuit I, 11, each having two
wheel brakes 10, and an open when currentless (normally
open) valve 18 for brake pressure modulation being con-
nected upstream of each wheel brake. In each brake circuit I,
II an open when currentless 1solating valve 19 for preventing
pressure-change effects during brake modulation is arranged
between hydraulic chamber 32', 26 and wheel brakes 10. The
brake master cylinder 3 1s 1 the form of a tandem master
cylinder of divided configuration, the primary piston circuit
and the tloating piston circuit being formed 1n each case by
two cylinder/piston arrangements 3a, 35 which are arranged
symmetrically with respect to the axis of the first mechanical
connection 8 (on opposite longitudinal sides of the travel
simulator 2) for moment-iree force application by the actua-
tor 6. Brake circuit I with two wheel brakes 10 1s connected to
the primary piston circuit of the tandem master cylinder 3,
and brake circuit II with two wheel brakes 10 1s connected to
the floating piston circuit. The two cylinder/piston arrange-
ments 35 of the floating piston circuit are arranged rotated
through 90° with respect to the two cylinder/piston arrange-
ments 3a of the primary piston circuit, for which reason only
the primary piston circuit 1s represented i FI1G. 9.

According to the ninth exemplary embodiment, the travel
simulator 2 1s used as a charging device (volume booster
principle). For this purpose the hydraulic chamber 32' of the
travel simulator 2 1s connected to brake circuit I and therefore
to the corresponding wheel brakes 10. In addition, the hydrau-
lic chamber 32' 1s connected via an electrically controllable,
tor example closed when currentless (normally closed), valve
15 to a low pressure accumulator 14. The pretension of the
spring of the low pressure accumulator 14 limits the charging,
pressure.

In the example, the sensor device 34 which detects the state
of the travel simulator 2 1s in the form of a travel sensor 34 for
sensing the position/displacement of the piston 31 of the
travel stmulator 2 or of a component connected thereto. The
braking system further includes, in the example, a pressure
sensor 22 for measuring the pressure of the primary piston
circuit.

As 1s apparent from FIG. 9, the hydraulic components of
the braking system, in particular travel simulator 2, brake
master cylinder 3, valves 15, 18, 19, and optionally the sensor
devices, for example sensor devices 34, 22, are advanta-
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geously arranged 1n a housing 23. The housing 23 can easily
be arranged on the side of the drive device 6 oriented away
from the brake pedal 1. In this way, only the two mechanical
connecting means 8 and 9 run from the housing of the drive
device 6 to the housing 23.

As already described above, the travel simulator 2 1s advan-
tageously connected via one or more open when currentless
(normally open) 1solating valves 19 to the wheel brakes 10
(see FIGS. 8 and 9). During regenerative braking, the multi-
plex valves 18 are closed 1n order to prevent a pressure build-
up in the wheel brakes 10. At low pressures, the volume
displaced by the driver in the travel simulator 2 1s discharged
via valve 15 1nto a low pressure accumulator 14. At high
pressures, the counterpressure 1n the travel simulator 2 1s
simulated by suitable activation of the actuator 6.

In FIG. 10 a tenth exemplary embodiment of a braking
system according to the mmvention 1s represented schemati-
cally. This exemplary embodiment corresponds largely to the
seventh exemplary embodiment. In addition to the open when
currentless (normally open) valves 18 in the brake lines to the
wheel brakes 10, which are used to modulate brake pressure,
the braking system additionally includes electrically control-
lable, for example closed when currentless (normally closed)
valves 24 on one or more, for example all, wheel brakes
circuits, by means of which valves 24 a connection to a low
pressure level 25 (pressure medium reservoir (atmospheric
pressure) or low pressure accumulator) can be established. In
the example, two of the wheel brakes 10 are additionally
connectable via valves 24 to a low pressure level 25, making
possible a rapid brake pressure reduction in these wheel
brakes. This makes available a possibility of improving the
speed of the brake pressure modulation in the event of a
simultaneous demand for a pressure reduction at one wheel
brake and a pressure build-up at another wheel brake.

The electrically controllable electromechanical drive
device 6 of the exemplary embodiments comprises, for
example, an electric motor and a rotation/translation gear, for
example a ball screw drive, for converting a rotary motion of
the electric motor to a linear motion. The drive device 6 1s
advantageously arranged in a housing, the first mechanical
connecting means 8 extending through the housing.

A braking system according to the invention advanta-
geously includes a sensor device 34 for detecting the state of
the travel simulator 2, for example for detecting the position
of a component of the travel stmulator (for example, a piston
31), or for detecting the position of the first mechanical con-
necting means 8, and a sensor device 35 for detecting the state
of the brake master cylinder 3, for example for detecting the
position of a piston 4 of the brake master cylinder 3 or the
position of the second mechanical connecting means 9, or the
position of a component of the actuator 6 (for example, the
position of the rotor of the electric motor or the position of a
spindle of a rotation/translation gear).

Additionally or alternatively, a braking system according
to the invention advantageously includes a sensor device 22
for detecting a pressure in the brake master cylinder 3 and/or
in a wheel brake 10, and/or a sensor device for detecting a
pressure 1n the travel simulator 2.

While the above description constitutes the preferred
embodiment of the present invention, 1t will be appreciated
that the invention 1s susceptible to modification, variation and
change without departing from the proper scope and fair
meaning of the accompanying claims.

The mvention claimed 1s:
1. A braking system for motor vehicles, comprising,

a brake pedal,
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a travel simulator which 1s coupled via a first mechanical
connecting means to the brake pedal for transmitting
actuating forces,

a brake master cylinder having a pressure chamber and a
master cylinder piston, the pressure chamber being con-
nected or connectable via a pressure line to at least one
hydraulically actuatable wheel brake, and

an electrically controllable electromechanical drive device
and a second mechanical connecting means for actuat-

ing the piston of the master cylinder, the electromechani-
cal drive device arranged with the brake pedal on one
side and with the brake master cylinder and the travel
simulator on the other side, the first mechanical connect-
ing means extending from the brake pedal to the travel
simulator;

wherein the simulator and master cylinder are arranged

substantially parallel and side-by-side, wherein the
simulator 1s radially and laterally offset from the master
cylinder.

2. The braking system as claimed in claim 1, further com-
prising in that the second mechanical connecting means 1s
configured at least partially as a hollow body, and that the first
mechanical connecting means 1s arranged at least partially
inside the hollow body.

3. The braking system as claimed in claim 1, further com-
prising in that the travel simulator includes a simulator piston
and a simulator cylinder, the simulator piston 1s connected to
the first mechanical connecting means, the simulator piston
and the simulator cylinder delimiting a hydraulic chamber.

4. The braking system as claimed in claim 3, further com-
prising in that the hydraulic chamber 1s connected or connect-
able to the at least one wheel brake.

5. The braking system as claimed in claim 3, further com-
prising in that the hydraulic chamber 1s connected via an
clectrically controllable valve to a low pressure accumulator.

6. The braking system as claimed 1n claim 3 further com-
prising 1n that the travel stmulator includes, 1n addition to the
simulator piston, a further piston and a spring, the simulator
piston having a smaller effective piston area than the further
piston, the stmulator piston being guided displaceably 1n the
turther piston and bearing against the further piston by means
of the spring.

7. The braking system as claimed 1n claim 3 further com-
prising in that an electrically controllable, normally open
1solating valve 1s arranged between the hydraulic chamber of
the travel simulator and the at least one wheel brake.

8. The braking system as claimed 1n claim 3 further com-
prising 1n that the simulator piston and the stmulator cylinder
of the travel simulator, and the brake master cylinder are
arranged substantially parallel side-by-side, and at least the
first or the second mechanical connecting means ncludes a
force detlecting means.

9. The braking system as claimed 1n claim 1 further com-
prising in that the first and the second mechanical connecting
means are configured 1n such a way that actuation of the brake
master cylinder 1in a brake actuation direction 1s possible by
means ol the first mechanical connecting means acting
through a mechanical contact between the first mechanical
connecting means and a stop of the brake master cylinder, or
between the first mechanical connecting means and a stop of
the second mechanical connecting means.

10. The braking system as claimed in claim 1 further com-
prising at least one sensor device for enabling the determina-
tion of the relative position of the first mechanical connection
means with respect to the second mechanical connecting
means.
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11. The braking system as claimed 1n claim 1 further com-
prising 1n that the pressure chamber of the brake master
cylinder 1s connectable via an electrically controllable valve
to a pressure medium container.

12. The braking system as claimed 1n claim 1 further com-
prising in that the second mechamical connecting means 1s
configured 1n two parts, or the coupling between the master
cylinder piston of the brake master cylinder and the second
mechanical connecting means 1s configured releasably,

wherein the master cylinder piston 1s actuatable by means of 10

the first mechanical connecting means even 1f the drive device
1s blocked.

13. The braking system as claimed 1n claim 1 further com-
prising 1n that the first mechanical connecting means and the
second mechanical connecting means are configured 1n such
a way that the second mechanical connecting means can be
displaced relative to the first mechanical connecting means by
the drive device over a predetermined distance 1n a brake
actuation direction without causing engagement with or reac-
tion on the brake pedal.

14. The braking system as claimed 1n claim 1 wherein the
first mechanical connecting means extends through the drive
device to the travel simulator.

15. A braking system for motor vehicles, comprising
a brake pedal,
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a travel simulator which 1s coupled via a first mechanical
connecting means to the brake pedal for transmitting
actuating forces,

a brake master cylinder having a pressure chamber and a
master cylinder piston, the pressure chamber being con-
nected or connectable via a pressure line to at least one
hydraulically actuatable wheel brake, and

an electrically controllable electromechanical drive device
and a second mechanical connecting means for actuat-
ing the piston of the master cylinder, the electromechani-
cal drive device arranged with the brake pedal on one
side and with the brake master cylinder and the travel
simulator on the other side, the first mechanical connect-
ing means extending from the brake pedal to the travel
simulator;

wherein the travel simulator includes a simulator piston
and a simulator cylinder, the simulator piston 1s con-
nected to the first mechanical connecting means, the
simulator piston and the simulator cylinder delimiting a
hydraulic chamber; and

wherein the hydraulic chamber 1s connected via a nonre-

turn valve to the brake master cylinder which 1s con-
nected to the at least one wheel brake.
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